Background/purpose Although rarely discussed in the literature and difficult to evaluate on plain radiographs, atlantooccipital osteoarthritis can be a source of persistent suboccipital pain. Our objective in this report is to describe two cases with atlantooccipital (O-C1) osteoarthritis treated with posterior occipitocervical fusion. Methods and results Two patients presented with unilateral suboccipital pain, which was refractory to conservative treatment. One patient suffered from longstanding rheumatoid arthritis while the other patient did not have pertinent medical issues. After non-diagnostic plain film imaging, CT scan demonstrated unilateral osteoarthritis of the atlantooccipital and atlantoaxial joint in both patients who subsequently underwent posterior O-C2 fusion with resolution of their preoperative symptoms. Conclusions This is, to our knowledge, the first case report which specifically focused on surgical treatment of atlantooccipital osteoarthritis. Occipitocervical fusion is a treatment option for patients with atlantooccipital osteoarthritis when suboccipital pain is not responsive to conservative treatment.
Introduction
Degenerative changes of the atlantooccipital joints may rarely be the cause of persistent pain and dysfunction but has been infrequently described. As part of a larger series of patients with degenerative cervical spondylosis, Grob [1] reported three patients with CT scan-proven osteoarthritis of atlantooccipital joint who underwent isolated posterior atlantooccipital fusion. Similarly, Wertheim and Bohlman [2] included one patient with atlantooccipital osteoarthritis and disabling pain in a series of patients who underwent occipitocervical fusion. Neither series provided specific clinical details about these patients.
Symptoms are nearly identical in patients with occipitocervical osteoarthritis and atlantoaxial osteoarthritis. Unilateral, constant suboccipital pain is exacerbated by flexion-extension or lateral bending. Establishing a diagnosis is difficult with routine cervical radiographs as the occipitocervical articulation is not easily visualized; computed tomographic (CT) scans should be used to identify suspected degenerative changes of the O-C1 joint [2] .
This report details two cases performed by two different surgeons in which upper cervical spine osteoarthritis affected the O-C1 joint and was treated with fusion after failure of conservative treatment.
Case 1
A healthy 73-year-old female presented with progressive right suboccipital pain after 5 years of unsuccessful conservative therapy with a soft cervical collar and non-steroidal anti-inflammatory medications (NSAIDs) for presumed cervical spondylosis. Her pain, exacerbated with neck flexion-extension and rotation, limited activities of daily living and recreational activities. On physical examination, her neck motion was severely restricted with torticollis secondary to the pain but she had no focal neurologic deficits. Transoral radiographs demonstrated right-sided atlantoaxial osteoarthritis and CT scan revealed osteoarthritis of the right atlantooccipital joint (Fig. 1) . The patient underwent posterior fusion surgery from occiput to C2. A posterior approach was used utilizing a Mayfield Skull Clamp (Integra, Plainfield, NJ), taking care to avoid vascular injury as preoperative CT angiogram (CTA) and magnetic resonance angiogram (MRA) revealed a high-riding dominant right vertebral artery. A left-sided C2 pedicle screw was placed as was a right-sided C2 laminar screw due to the position of the right-sided vertebral artery [3] . Oasys plates (Stryker, Kalamazoo, MI) were fixed to the occiput using three screws on each side before ultra-high molecular weight polyethylene tape was passed between the posterior arches of C1 and C2 and tied across the rods connecting the C2 screws to the occipital plate. Following decortication, autologous iliac bone grafting was performed. The patient was placed in a cervical collar for 6 weeks and had resolution of the suboccipital pain. Cervical spine radiographs 1 year after the surgery showed a solid fusion from occiput to C2 (Fig. 2a, b) . The patient has completed 2-year follow-up and has continued to do well with no complaints referable to the cervical spine and no evidence of screw loosening on serial radiographs.
Case 2
A 38-year-old female presented with 6 months of left suboccipital pain. The patient had a history of quiescent rheumatoid arthritis without cervical spine involvement. Treatment for her suboccipital pain included several months of physical therapy and trigger point injections without improvement. The patient could not turn her head and had difficulty sleeping because of the pain. Prior treatment using a soft collar provided some pain relief. On physical examination, her neck motion was severely restricted secondary to pain but she had no focal neurologic deficits. In addition to significant radiologic changes consistent with left atlantoaxial osteoarthritis visible on transoral views, CT scan showed left atlantooccipital osteoarthritis (Fig. 3) . Of importance, given her history of rheumatoid arthritis, flexion-extension radiographs did not show the occipitocervical or atlantoaxial instability. The patient underwent posterior fusion surgery from occiput to C2 using occipital screws, C1 lateral mass screw [4, 5] and C2 pedicle screws with fluoroscopic guidance (Fig. 4) . A Mountaineer occipital plate (Depuy Spine, Inc., Raynham, MA) was fixed to the occiput with screws and connected to cervical screws using bilateral rods before iliac crest bone grafting was performed. Postoperatively, the patient was maintained in a Miami-J collar for 6 weeks with complete resolution of her left suboccipital pain. Radiographs 6 months after surgery demonstrated solid fusion (Fig. 5 ).
Discussion
Presenting symptoms of osteoarthritis of the atlantooccipital joint are similar to atlantoaxial segment symptoms; patients have unremitting unilateral suboccipital pain. Dreyfuss et al. [6] . reported that perceived pain was greater in intensity and distribution with provocative atlantooccipital joint injections in comparison to atlantoaxial joint injections. Atlantooccipital joint pain was primarily suboccipital, but reached as far anteriorly as the vertex. Laterally, the referral zone approaches but does not include the ear. Causes of O-C1 pain include degenerative, post-traumatic, post-infectious or rheumatoid arthritis, synovial joint adhesions and symptoms are often unilateral. Ultimately, cartilage destruction leads to chronic capsular irritation and inflammation with sensitivity to motions such as neck flexion-extension [7] . Atlantooccipital osteophyte formation rarely causes direct spinal cord compression because of a wide O-C1 canal. Headache is a common presenting complaint and may be aggravated by neck rotation and/or flexion-extension. Occipital headache is non-specific, however, and can arise from injuries affecting the C2-3 disc and facet joints, and the atlantoaxial or atlantooccipital joints but is not seen with lower cervical pathology unless triggered by muscle spasm [7] . Nausea, blurry vision, insomnia and tinnitus have been reported as presenting symptoms of atlantooccipital arthritis [7] . Plain radiographic diagnosis is difficult as the atlantooccipital joint is not well visualized with anteroposterior, lateral or open-mouth roentgenograms of the cervical spine. CT scan with coronal and sagittal reconstructions more clearly show O-C1 joint-space between the lateral mass of the atlas and the corresponding occipital joint surface. Joint-space reduction, subchondral sclerosis, osteophyte formation or cyst formation may be seen. Bone scan may also be utilized, demonstrating increased uptake [8] . Ogoke et al. [7] reported that imaging studies may often fail to diagnose this entity and stressed the importance of the history and physical examination. Both cases presented in this report, however, had clear evidence of osteoarthritic changes of the atlantooccipital and atlantoaxial joints.
It is essential to exclude other causes of upper cervical pain. Injury to suboccipital muscles, C1-C3 nerve roots, the C2-C3 disc, upper cervical ligaments, and upper cervical facet joints may produce suboccipital pain and headache [9] [10] [11] . Vertebral or basilar artery thrombosis, posteroinferior or anteroinferior cerebellar artery aneurysm, tension headaches, fibromyalgia, intracranial tumor, Arnold-Chiari malformation, Paget's disease of the skull, and temporal arteritis may also mimic atlantooccipital joint pain [7] .
Initial conservative treatment for O-C1 arthritis includes rest, soft cervical collars, NSAIDs, muscle relaxants and tricyclic antidepressants [7] . Physical therapy for gentle ROM exercises and other treatment modalities may be beneficial. Interventional procedures with O-C1 joint injections or nerve blocks may be both diagnostic and therapeutic [12] . Injections are reserved for patients with chronic symptoms and require experience and skill; reported complications have included seizure, spinal shock and hypotension [6, 7] . Patients with severe, intractable, suboccipital pain unresponsive to an adequate trial of nonoperative treatment may be indicated for occipitocervical arthrodesis. Both cases described in this report had clear evidence of osteoarthritic changes at the atlantooccipital joint. Symptoms related to atlantooccipital arthritis may be non-specific, however, and difficult to differentiate clinically from pain related to C1-C2 degeneration. In the cases described in this report, fusion of both the O-C1 and C1-C2 motion segments was performed.
Modern modular screw-based constructs allow for rigid short-segment fixation [13, 14] . Uribe et al. [15] recently described the biomechanics of occipital condyle screw placement for occipitocervical fixation and emphasized that decreased construct lever arm, increased screw length, and use of the condyles as fixation points provides more rigid occipitocervical fixation without the need for increased rod diameter or multiple attachment points. This strategy retains the benefits of low profile modular craniocervical fixation while reducing complications associated with occipital screw placement. C1 fixation can be achieved via lateral mass screws [4, 5] , 'pedicle' screws, wiring or use of ultra-high molecular weight polyethylene tape, which provides segmental stabilization similar to wiring [17] . C1 'pedicle' screw fixation achieves strong purchase but requires preoperative CT angiogram to ensure the vertebral artery will not be endangered by screw placement and that the posterior arch is large enough to accommodate a screw [16] . C2 fixation is commonly achieved with pedicle screws or C1-C2 transarticular screws, both shown by Oda et al. [18] to provide high construct stiffness in comparison to sublaminar wiring and laminar hooks. Again, preoperative imaging is important to evaluate the C2 pedicle width and address concerns over location of the vertebral artery. Magnetic resonance angiogram can establish vertebral artery side dominance; a pedicle screw should not be placed in the scenario of a dominant, high-riding artery. This occurred in Case 1, so we elected to use laminar screw fixation, using the technique described by Wright [3] . Coronal and sagittal alignment at the time of fusion is important for head balance. Additionally, Yoshida et al. [19] reported upper-airway obstruction after short posterior occipitocervical fusion in a flexed position and Miyata et al. [20] reported that the O-C2 angle has considerable impact on dyspnea and/or dysphagia after O-C fusion.
Adult atlantooccipital motion is approximately 25°of flexion-extension, 5°of lateral bending, and 5°of rotation. Atlantoaxial motion is approximately 20°of flexionextension, 5°of lateral bending, and 40°of rotation [21] . Fusion across these joints considerably limits cervical motion, particularly in flexion-extension and rotation. Patient education about limitations of postoperative cervical motion is critical, especially when occipitocervical fusion will include C2.
Occipitocervical osteoarthritis is a rare cause of suboccipital pain which is often difficult to diagnose but must be considered when a patient presents with persistent suboccipital pain as patients may require fusion when refractory to conservative treatment. The patients described in this report had resolution of their symptoms after successful occipitocervical fusion. Key points
• Two patients with chronic suboccipital pain had occipitocervical fusion surgery for atlantooccipital and atlantoaxial osteoarthritis.
• Both patients had pain relief after surgery.
• CT scan with sagittal and coronal reconstructions can effectively image the O-C1 facet joint.
• Occipitocervical fusion may be considered for O-C1 osteoarthritis with consistent suboccipital pain which is refractory to conservative treatment but preoperative imaging to establish surgical risk to the vertebral artery is essential.
